Study design: Narrative review. Method: Eight bibliographic databases were searched for studies published in the (last five years up until Feb 2017). For the two database searches (Cochrane and DARE), the time frame was unlimited. The review involved keyword searches of the term 'Amputation' AND 'chronic pain'. Studies selected were interrogated for any association between peri-operative factors and the occurrence of chronic post amputation pain (CPAP). Results: Heterogeneity of study populations and outcome measures prevented a systematic review and hence a narrative synthesis of results was undertaken. The presence of variation in two gene alleles (GCH1 and KCNS1) may be relevant for development of CPAP. There was little evidence to draw conclusions on the association between age, gender and CPAP. Pre-operative anxiety and depression influenced pain intensity post operatively and long-term post amputation pain (CPAP). The presence of pre-amputation pain is correlated to the development of acute and chronic post amputation pain while evidence for the association of post-operative pain with CPAP is modest. Regional anaesthesia and peri-neural catheters improve acute postoperative pain relief but evidence on their efficacy to prevent CPAP is limited. A suggested whole system pathway based on current evidence to optimize peri-operative amputation pain is described. Conclusion: The current evidence suggests that optimized peri-operative analgesia reduces the incidence of acute peri-operative pain but no firm conclusion can be drawn on reducing risk for CPAP.
Introduction
The Hospital Episode Statistics for 2009/2010 show that 5498 amputations were performed in England alone, with 95% of them for vascular disease (peripheral arterial disease (PAD)). These vascular patients are usually American Society of Anesthesiology (ASA) grading III/IV patients with multiple co-morbidities and have a disproportionately high mortality (38%-48% will die within the year). 1 In those who survive, pain management following a limb amputation is a major issue. Post-amputation pain is a broad term that includes residual limb or stump pain, phantom limb pain (PLP) and phantom limb sensation (PLS). The estimated incidence of chronic post-surgical pain (CPSP) following amputation (chronic pain after amputation (CPAP)) is between 30% and -80% up to 20 years after amputation. 2, 3 This includes data from amputations due to trauma, cancer and peripheral vascular disease. The causes of CPAP are multifactorial and largely unknown despite a plethora of work concentrating on peripheral, spinal and supra-spinal mechanisms, and its treatment is universally accepted as difficult and challenging. 4, 5 This translates into a significant long-term health service burden.
There are a variety of other factors (genetics, preoperative pain, intra-operative variables, and psychological factors) that influence the development of CPSP and need to be considered. The aim of this is to identify factors (pre, intra and post-surgery) that predict the development of CPAP. Elucidation of modifiable predictors could inform peri-operative management of amputation surgery in clinical practice.
Methods
The review involved keyword searches of the term 'Amputation' AND 'chronic pain'. The Scottish Knowledge network (http://www.knowledge.scot.nhs. uk) was used as a search engine. This is a composite database that searches multiple databases for the keywords entered (see Table 1 below). Databases included in the search on the knowledge network include MEDLINE (general medicine), CINAHL (nursing and allied health), PsycINFO (psychology and related behavioural and social sciences), CDSR, HMIC and clinical knowledge summaries. The search was limited to the last 5 years. Additional searches using the above keywords and criteria were carried out in PubMed and Google Scholar, the Cochrane Library and DARE database. Relevant articles were extracted from this search for the review. A hand search of references of the relevant retrieved articles was performed. Eligible studies included adults with CPAP, and this included both chronic stump pain and PLP. Studies selected were interrogated for association between peri-operative factors and the occurrence of CPAP.
This narrative review includes theoretical and opinion pieces, case studies, descriptive studies (case control and prospective cohort), frameworks and systematic reviews describing processes and overview articles on the topic of amputation and chronic pain. The search process is shown in Table 1 .
Classification of amputation pain
It is important to classify the pain phenotypes ( Figure 1 ), and the definitions of the terms frequently used in amputation pain literature are listed in Table 2 . Amputation AND Chronic pain  493  PubMed  2012-2017  Amputation AND Chronic pain  201  Cochrane Library  2012-2017  Amputation AND Chronic pain  6  Google Scholar  2012-2017  Amputation AND Chronic pain  7  DARE 2012-2017 Amputation AND Chronic pain 1 PAD is diagnosed epidemiologically by measuring the ankle-brachial index. This is the ratio of (1) the higher systolic blood pressure between the posterior tibial artery and dorsalis pedis artery to the (2) higher systolic blood pressure between both arms. A value of less than 0.9 is an indicator of PAD. Symptomatic PAD patients present with intermittent claudication pain. Intermittent claudication is defined as reproducible lower extremity muscular pain induced by exercise and relieved by short periods of rest. Amputation is often preceded by a variable period of limb ischaemia in patients with vascular disease. This is termed as pre-amputation pain. However, these patients frequently have multiple co-morbidities like diabetes, and hence, the pain mechanism may include nociceptive, inflammatory and neuropathic components. However, not all patients with intermittent claudication will require amputation surgery. Only 20% of these patients will deteriorate over a 5-year period, and of these, only 5% require amputation. 8 Uncontrolled pre-amputation pain results in an increased stress response and activation of the autonomic nervous system. 9 As detailed later in this review, pre-amputation pain has been correlated with an increased incidence of acute post-operative pain and CPAP.
Pain after amputation surgery ( Figure 1 ) has two components -acute post-operative pain and chronic post-amputation pain (CPAP). Two types of acute post-operative pain may occur. The first is the pain in the amputated stump (called stump pain or residual limb pain (RLP)) and the second is the occurrence of PLP and/or PLS. Both conditions may become chronic and they may occur in more than 50% of patients after a surgical amputation according to a recent estimate. 6 Long-term RLP may have somatic or neuropathic mechanisms. Neuropathic mechanisms include the presence of a neuroma, development of Complex Regional Pain Syndrome, heterotrophic ossification or mosaic neuralgia. 7
Pain vulnerability: risk factors for chronic pain following limb amputation surgery
The elucidation of risk factors for chronic post-operative pain (CPSP) in general is a still evolving field and there is limited evidence for specific risk factors for CPAP. The following paragraphs highlight current evidence of risk factors for CPAP specifically.
Genetics
Chronic pain in general has a heritability ranging from 30% to 70%. 10 The heritability of chronic pain is thought to be the result of an interaction between multiple mutated genes and environmental disorders. 11 It is surmised that a variety of genetic variants combine to influence the risk of transition from acute post-surgical acute pain to chronic pain. 12 About two thirds of genetic variants are thought to reside in the exons on genes and Table 2 . Definitions of frequently used terms in chronic post amputation pain.
Type of pain Description
Pre-amputation pain Pre-existing pain prior to surgery. Could be due to vascular ischaemia (and inflammation), diabetes or other causes. Nociceptive plus neuropathic components present usually. Critical ischaemia patients suffer moderate-to-severe pain with an average pain score of 7.5/10. Management of pre-amputation pain was found to be good in only 22.8% of UK hospitals in a recent NCEPOD review 1 . Acute post-operative pain
The pain is localised to the residual stump and is sharp and aching. This pain is usually nociceptive in nature and usually resolves in a few weeks but occasionally neuropathic features are present. Chronic post-amputation pain (CPAP) Pain that persists for more than 2-3 months after amputation surgery.
Chronic residual limb pain or stump pain
Pain in the remaining limb stump after surgery. In the majority of patients, this resolves with tissue healing. If stump pain persists, it may be a risk factor for CPAP. Clarke et al. 12 and Buchheit et al. 7 further subdivided stump pain into somatic or neuropathic. The neuropathic causes of stump pain include neuroma, Complex Regional Pain Syndrome (CRPS) and Mosaic neuralgia.
Phantom limb pain (PLP)
Pain is experienced in the limb that is no longer there. Frequently described in neuropathic terms, that is, burning, aching, stabbing, throbbing, pins and needles. PLP usually develops in the first week in about 25% of the amputees. Phantom limb sensation (PLS) Sensation felt in a limb that is no longer there. Patients also describe 'telescoping', that is, the distal limb parts (toes for example) are felt to be closer to the amputated stump.
Heterotrophic ossification
Deposition of calcium in the stump soft tissues (heterotrophic ossification) has been observed in 65% of traumatic amputees and has been recognized as a cause of persistent stump pain.
exome analysis/genome wide analysis (GWAS) is the method used to uncover these variant genes. Mogil et al. 13 reported that in bred mouse studies, 50% of the neuropathic pain sensitivity is heritable. Specifically, for CPAP, single-nucleotide polymorphism (SNP) in two genes may be relevant. These are the GCH1 and KCNS1 gene alleles.
GCH1 gene codes for synthesis of tetrahydrobiopterin, an essential co-factor for catecholamine, serotonin and nitric oxide production. GCH1 blockers are potential analgesics and are currently in development. 14 Potassium (K+) channels play an important role in the propagation of action potentials. Neuronal hyperexcitability is a key feature of pathological pain. Opening of K+ channels hyperpolarize the neuron, thus decreasing conductivity. A K+ channel genotype has been found to predict acute pain thresholds, risk of developing chronic pain and analgesic effectiveness. 15 Genetic variants coding for the various sub units of the tetrameric K+ channel (KCNA1, KCND2, etc.) have been found to be associated with CPSP after breast surgery and limb amputation. 16, 17 No GWAS has been reported for amputation pain to the best of our knowledge, though a few GWAS studies have been reported for complex regional pain syndrome 18 and fibromyalgia. 19 
Age and gender
The German PAIN OUT registry collects data from 115,775 patients from 578 surgical wards in 105 hospitals. Data from this registry for 30 surgical procedures were analysed by Gerbershagen 20 who found that irrespective of duration and type of surgery, patients with pre-operative chronic pain, of female sex and younger age reported more post-operative pain. However, these data do not include amputations.
Psychological factors
There is limited published evidence to highlight the effect of psychological factors on the trajectory of CPAP. Niraj and Rowbotham 21 reported on the psychological factors that have been linked to an increased incidence of CPSP in general. They found that the presence of anxiety, depression, catastrophizing, illness perception, poor coping strategy, low sense of control, poor social control, poor social support and high expectations correlated with the development of CPSP. Hinrichs-Rocker et al. 22 conducted a systematic review to identify psychological correlates of CPSP. Depression, psychological vulnerability, stress and late return to work showed likely correlation with CPSP (grade of association = 1). Montes et al. 23 attempted to devise a clinical risk prediction model for CPSP after hernia repair, hysterectomy and thoracotomy in their study of 2929 patients. Six clinical predictors -age, SF12 physical (Short-Form 12 Health Survey questionnaire), SF12 mental, pre-operative pain in surgical area, pre-operative pain in other areas, along with type of surgery -identified 73% of patients who subsequently developed CPSP.
More specifically for CPAP, Raichle et al. 6 examined the relationship between pre-operative anxiety and acute post-operative stump and phantom pain in amputees undergoing amputation due to trauma. This study reported that the degree of pre-operative anxiety was correlated with the intensity of PLP in the postoperative period. An earlier study by Ephraim et al. 24 found that depressive symptom was a significant predictor of level of pain intensity and bothersomeness after amputation long term.
Disease states
Multiple disease states (fibromyalgia, migraine, irritable bowel syndrome, irritable bladder and Reynaud syndrome) have been shown to be associated with CPSP. 25 A small case control study of lower limb amputees showed no correlation between those with fibromyalgia and neuropathic pain scores.
Pre-operative chronic pain
Sustained and intense nociceptive input prior to amputation may influence post-amputation acute and longterm pain (CPAP) by inducing central sensitization to pain. 26 Recent literature supports the assertion that the presence of pre-operative pain, regardless of the relationship to surgical site, significantly increases the risk of developing surgically induced chronic neuropathic pain or CPSP. 27 The relationship between pre-amputation pain and CPAP is however not simple. Melzack et al. 28 suggested in 2001 that PLP was more likely to occur in amputees who had pain in their limb prior to amputation. Jensen et al., 29 in a prospective study of 58 amputees, studied pre-amputation limb pain and its relationship to chronic PLP in non-traumatic amputees. PLP was reported by 65% patients at 6 months and stump pain by 22% at 6 months. Phantom pain was significant more frequent in those who had preamputation pain lasting more than 1 month. Preamputation pain was a significant predictor of both acute post-operative pain and chronic PLP at both 6 and 12 months in a 2-year prospective study carried out in a large trauma centre 3 However, Nikolajsen et al. 30 reported that several patients with severe preamputation pain never developed CPAP (PLP). Equally, patients who undergo traumatic amputation with no pre-amputation pain develop CPAP to the same extent as those with longstanding pain who undergo vascular disease-related amputations.
The above studies suggest that the presence of preamputation pain is correlated to the development of acute and chronic post-amputation pain, but the relationship is not concordant all the time.
Pre-operative opioids
Patients with pre-operative pain may also be on opioids prior to their surgery. As per the 'Opponent Process Theory', 31 opioid therapy leads to activation of both anti-nociception and pro-nociception systems. Opioidinduced analgesia and hyperalgesia are due to the interaction of these two opposing processes. Prolonged exposure to opioids results in reduction of the analgesic effect via either decrease in anti-nociception effect or hyperalgesia due to activation of the pro-nociceptive system.
Roullet et al. 32 reported that pre-operative opioid consumption was related to increased morphine requirement after amputation. In all, 22 patients were included in this observational study with 12 in the preop opioids group and 10 in the opioid naïve group. Average consumption of opioids on day 3 post-operatively was greater in the opioid group (52 (13-133) mg morphine equivalents) versus 0 (0-26 mg) in the opioid naïve group. This difference was sustained at day 7 (10 mg (8-25) vs 0 mg (0-0)). A similar finding of increased opioid requirement post surgery in those on pre-operative opioids has been reported by Armaghani et al. 33 Thus, the amount of opioids on board may influence the degree and intensity of immediate postamputation pain and perhaps CPAP indirectly.
Inadequate intra-operative analgesia
Surgical technique that results in nerve injury is a recognized risk factor for CPSP. 34 Maladaptive nerve injury is one of the many factors necessary for development of CPSP following amputation. If adequate analgesia is not provided both intra-and post-operatively, the central nervous system continues to receive continuous nociceptive input from the periphery due to either sensitization of neurons, ectopic activity or phenotypic switch. 35, 36 This highlights the necessity of efficacious intra-operative analgesia.
Acute post-operative pain
High levels of pain in the acute post-operative period can predict CPSP. This has been seen across a range of surgeries (hernia, breast, thoracic and cholecystectomy). 24 For CPAP specifically, evidence to demonstrate relation between efficacy of post-operative pain relief and prevention of CPAP is mixed. 3, 37 Issues such as the duration of high-quality post-operative analgesia that is needed to prevent CPSP/CPAP are at present unaddressed.
Prevention

Population-level prevention of vascular disease
A lack of effective treatments for PLP/CPAP forces us to review methods for its occurrence in the first place, that is, prevention. This is important as the disease burden of vascular disease and trauma continue to rise. For preventing amputation due to vascular disease, there needs to be a continued focus on primary and secondary prevention cardiovascular disease and vascular disease (specifically on the high-risk segments).
Whole system approach necessary to prevent/manage CPAP
It is quite clear that to prevent CPAP, a whole system approach is necessary. This approach has been shown to be successful in reducing the incidence of moderate/severe pain in 22 Veteran Health Administration hospitals. 38 For amputation, the principal recommendation of the National Confidential Enquiry into Patient Outcome and Death (NCEPOD) report 'Lower limb amputation: working together' has been that hospitals should develop a best-practice clinical care pathway incorporating the findings of the report. 1 Other recommendations in this document include involving a multi-disciplinary team pre-and postoperatively. The service design needs to include all stakeholders in the amputation pain pathway wherever possible. This may include Anaesthetists, Vascular surgeons, Acute Pain nurses, Physiotherapists and Pharmacists.
Peri-operative strategy: threephase system approach
Given that the modifiable risk factors for CPAP start pre-operatively and extend to the post-operative period, it is useful to segment our prevention strategy into three phases: (1) pre-operative, (2) intra-operative and (c) post-operative.
Pre-operative phase preventive measures
High-risk patients for CPAP need to be identified, preoperative analgesia needs to be optimized, patients educated and expectations managed.
Treat pre-operative pain
It is important to treat pre-operative pain as this has been consistently shown to have a concordant association with CPAP. Early involvement of the acute pain service (APS) is more likely to address the preoperative pain issues of the patient and tag them onto the APS radar of patients to follow. One of the key recommendations of the NCEPOD report 1 is that the pain team should be involved within 12 h of admission for all major lower limb amputation. This may not be always possible in case of emergency amputations.
Education of foundation doctors and ward nurses is key to achieving pre-emptive analgesia as they are often the first responders. Emphasis needs to be placed on identification of the primary pain mechanism (nociceptive, inflammation or neuropathic) for optimizing pain relief.
Pre-emptive analgesia
Pre-emptive analgesia is an attractive proposition to reduce noxious sensitization of the central nervous system. Epidural analgesia has been studied the most in this regard. Karanikolos et al. 39 and colleagues investigated whether pre-emptive analgesia reduced PLP/ CPAP at 6 months; 65 patients were assigned to five treatment groups. Epi/Epi/Epi group received epidural analgesia starting 48 h before surgery and continuing till 48 h post-surgery. PCA/Epi/Epi group received fentanyl patient-controlled analgesia (PCA) pre-operatively for 48 h and the epidural till 48 h post-operatively. PCA/Epi/PCA group received PCA fentanyl for 48 h pre-operatively and intra-operative epidural and then PCA fentanyl for 48 h post-operatively. PCA/GA/PCA group received pre-and post-operative analgesia for 48 h with PCA fentanyl and intra-operative general anaesthesia (GA) with propofol, sevoflurane and an intravenous infusion of remifentanil. The control group received meperidine (pethidine) intramuscularly 50 mg 4-6 times a day and codeine/acetaminophen (paracetamol) 30/500 mg tablets three to five times a day preand post-operatively. Intra-operatively, they received GA. All the groups had pain scores >70 mm on Visual Analogue Scale (VAS) at initiation.
After 48 h of pre-operative analgesia, immediately prior to surgery, the pre-operative epidural group (Epi/ Epi/Epi) had pain scores of 0 whereas the PCA groups (PCA/Epi/Epi, PCA/Epi/PCA and PCA/GA/PCA) had pain scores 20/20/10 out of 100. At 6 months, PLP was present in 1 of 13 Epi/Epi/Epi; 4 of 13 PCA/Epi/ Epi; 3 of 13 PCA/GA/PCA; 7 of 12 in PCA/Epi/PCA patients versus 9 of 12 control patients.
This study highlights the fact that epidurals placed 48 h before amputations and PCA fentanyl are both effective in treating pre-operative pain as well as preventing PLP. However, the control group patients received meperidine (pethidine) and the VAS scores after 48 h of the analgesic protocol was 60/100. This represents suboptimal pain relief in the control group and the sample size was small.
Earlier studies on epidurals placed pre-operatively support the conclusions of Karanikolos et al. that epidurals may prevent CPAP/PLP. Bach et al. 40 randomized 25 patients to two groups. The epidural group (11 patients) received an epidural 72 h before amputation, while the conventional analgesics group (14 patients) did not receive an epidural. At 6 months, the incidence of phantom limb was lower in epidural group. Jahangiri et al. 41 compared the effect of epidural infusion of diamorphine, bupivacaine and clonidine (13 patients) with opioid analgesia on demand (11 patients) on post-amputation stump and phantom pain. The incidence of severe phantom pain was lower in the epidural group 1 year after amputation. This study was not a randomized control trial.
Nikolajsen et al. 37 randomized 60 patients into two groups. The blockade group received epidural bupivacaine and morphine, whereas the control group received epidural saline and oral or intramuscular morphine. The epidural was placed 18 h before the amputation and continued for 3-5 days post-operatively. Both groups had GA for amputation. There was no difference in PLP at 12 months between the groups. However, pre-amputation pain was better controlled with epidural (0 mm VAS) compared to control (31 mm VAS).
Ypsilantis and Tang 42 performed a systematic review of pre-emptive analgesia to prevent CPAP; 11 studies were analysed. Most of the studies had small sample sizes and a loss of up to 52% of patients to follow-up, mainly due to high mortality in this patient group. The authors could not demonstrate robust evidence (level 1 Oxford Centre for Evidence-based Medicine) for any peri-operative analgesia technique (epidural bupivacaine plus morphine/diamorphine or peri-neural bupivacaine) to prevent CPAP but did report level 2b evidence for the role of epidural preemptive analgesia in preventing acute post-amputation pain.
The inference from the above studies is that evidence of pre-emptive analgesia with epidural infusions of local anaesthetics to prevent long-term PLP/CPAP is mixed or equivocal. However, optimal pre-operative and post-operative acute pain relief is possible with epidural analgesia and this may reduce the incidence of PLP and CPAP. However, pre-emptive analgesic relief is not restricted to the use of epidurals and there is evidence to show that the type of analgesia technique may be secondary to the consideration that the therapy should be able to stop nociceptive impulses from reaching the spinal cord. 43 
Gabapentin -pre-emptive analgesia
A recent combined systematic review and meta-analysis by Clarke et al. 44 concluded that peri-operative administration of gabapentin and pregabalin is effective in reducing CPSP. This review, however, did not include amputations.
Nikolajsen et al. 45 conducted a randomized control trial on the efficacy of gabapentin on chronic postamputation pain (CPAP); 46 patients were randomized to receive either gabapentin (23) or placebo (23) . An epidural (bupivacaine) was sited for the surgery and continued 2-3 days post-operatively. Gabapentin was started on day 1 post-operatively and increased to 2400 mg between days 13 and 30. There was no difference in PLP at 6 months after surgery between the groups.
It is important to note that the study on amputation patients by Nikolajsen 
Ketamine pre-emptive analgesia
Ketamine is a N-Methyl-d-aspartate (NMDA) antagonist and analgesic in sub-anaesthetic doses. Ketamine also has a profound anti-inflammatory action 46 and may help diminish surgical and postsurgical inflammation; 45 patients undergoing amputation were randomized by Hayes et al. 47 to receive a ketamine 0.5 mg/kg bolus pre-induction or placebo followed by an intravenous infusion of ketamine 0.5 mg/kg/h or normal saline for 72 h post-operatively. Both groups received GA and PCA morphine. There was no difference in the incidence of CPAP/ PLP 6 months after surgery. However, low-dose ketamine has shown efficacy in reducing post-operative opioid requirements in a recent systematic review by Jouguelet-Lacoste et al. 48 The authors studied the use of low-dose intravenous infusion of ketamine for the management of peri-operative pain. In this study, five meta-analyses and 39 clinical trials met the inclusion criteria. This study concluded that use of lowdose ketamine infusions (less than 1.2 mg/kg/hour) for 24-48 h post-operatively reduced post-operative opioid consumption by 40%. The effect was less marked for pain scores post-operatively. However, 13,20,21,22,6,23,28,29,30,32,35,36,37 . the authors also reported that ketamine infusions for at least 24 h post-operatively were efficacious in reducing long-term CPAP/PLP. The inference from the above studies is that there is no firm evidence for ketamine's role in reducing longterm CPAP but it does have a role in reducing acute post-operative pain.
Education of patients
Clear explanations with leaflets about PLP should be offered. It may be important to manage expectations at this stage.
Intra-operative phase
Amputations should be performed on an elective list during normal working hours, and a consultant vascular surgeon and consultant anaesthetist should be present in theatre. 1 It is preferable that amputations are performed on elective lists where possible.
Epidural, spinal or GA. As discussed earlier, epidural analgesia has efficacy in improving pre-and post-operative pain scores and reducing PLP/CPAP. Regional anaesthesia may provide superior analgesia as compared to GA in the immediate post-operative period but evidence on their efficacy in preventing CPAP is limited. A recent systematic review by Humble et al. 49 reported that regional analgesia was beneficial in reducing peri-operative pain. A cross-sectional survey of 150 amputees by Ong et al. 50 and Sahin et al. 51 noted an improvement in acute post-operative pain with epidural or spinal techniques but did not prevent long-term CPAP including PLP.
Peri-neural catheters
Peri-neural catheters are placed adjacent to the nerves and local anaesthetic infusion administered through them. Elizaga et al. 52 in a retrospective study compared those who had a peri-neural sciatic nerve block with bupivacaine for at least 72 h after amputation (n = 9) with a control group who had systemic analgesia (n = 12). There was no difference in incidence of PLP at 6 months. Pinzur et al. in a prospective study of 16 patients randomized patients to receive peri-neural catheter infusions of bupivacaine (n = 9) or normal saline (n = 12) for 72 h post-operatively. There was a decrease in post-operative morphine requirement in the peri-neural catheter group but there was no decrease in the incidence of long-term PLP/CPAP.
In a retrospective review of 64 patients, Grant and Wood 53 noted that post-operative morphine requirements were less (10 mg vs 74 mg) in the intra-neural infusion group (n = 33) than in the routine analgesia group (n = 31). The study also reported a reduction in prescription of amitriptyline for PLP in the intraneural infusion group (4 vs 11 patients).
Borghi et al. 54 in an observational study with no control group placed peri-neural catheters and started a 0.5% ropivacaine infusion at 5 mL/h for a median 30 days in 71 patients. The reported incidence of severe or intolerable PLP at 12 months was found to be 3%. Ilfeld et al. 55 reported a good outcome in a case series (n = 3) treating refractory PLP with 6 days of peri-neural infusion with a 0.4% ropivacaine infusion. This highlights the role of continued peripheral sensitization post-amputation. Ayling et al. 56 conducted a retrospective chart review of 198 patients who underwent amputation; 102 received peri-neural catheter post-operatively versus 96 patients who did not. Use of peri-neural catheters resulted in a 40% reduction in opioid use in the first 72 h post-operatively.
Bosanquet et al. 57 in a recent meta-analysis of trials for nerve catheters placed intra-operatively and kept for 72 h found evidence of significantly reduced opioid consumption (50%) post-operatively in amputation patients. There was considerable heterogeneity among the studies, and the quality of studies was not high with four retrospective studies, two small RCTs and a case report included in the analysis. A variety of local anaesthetics were used in the peri-neural catheters in the seven studies included in the meta-analysis (0.25% bupivacaine, 0.2% ropivacaine, and 1% lignocaine).
The above evidence suggests that peri-neural catheter local anaesthetic infusions are useful in reducing post-operative opioid requirements and may have a role in long-term reduction of PLP/CPAP. The neural catheter should be placed as close to the sciatic nerve as possible as the nerve retracts after transection. An additional stump wound catheter may be placed but this can result in the plaster cast getting wet from the soakage post-operatively.
Post-operative phase
In this phase, follow-up and review by the acute pain team is important. Post-operative analgesia is optimized and individualised according to the pain mechanisms.
Stump pain is common post-operatively. Stump infection often increases analgesia requirements and should be excluded. The other causes of stump pain such as continuing vascular insufficiency, osteomyelitis, haematoma, inadequate wound flap or a poorly fitting prosthesis should be considered. Patients should be prescribed regular opioids orally post-operatively. Occasionally, a switch of opioids may be necessary as might be the use of PCA morphine. Recent evidence points to the increasing role of drugs such as tapentadol or antidepressants in establishing the equilibrium of descending inhibitory pathways for pain. 58 Occasionally, it may be useful to use ketamine, either orally or intravenously.
Diabetes needs to be controlled and diabetic neuropathic pain treatment with duloxetine may need to be started. For patients who develop established PLP despite preventive measures, a recent Cochrane review 59 suggests starting NMDA blockers like ketamine or memantine, gabapentinoids, amitriptyline, opioids or a calcitonin infusion. Calcitonin infusion of 200 IU is effective in the treatment of PLP developing in the first week post-operatively and not for longterm PLP. Lidocaine infusion at 4 mg/kg was found effective for stump pain but not for PLP. A detailed discussion on treatment of long-term PLP/CPAP is outside the remit of this review and readers are referred to the Cochrane review on this topic. A suggested peri-operative pathway for management of amputation-related pain is provided in Figure 3 .
Conclusion
Classification of peri-operative amputation phenotypes is important for the prevention, identification, and treatment of CPAP. The presence of variation in two gene alleles (GCH1 and KCNS1) may be relevant for development of CPAP. Identification of the high-risk patients, that is, younger age group, female, pre-operative chronic ischaemic pain in the surgical area, pre-operative chronic pain elsewhere, depression, anxiety and use of high opioids pre-operatively, is recommended. Pre-and post-operative pain control should be optimized to prevent CPAP/PLP. Peri-operative epidural and peri-neural catheter infusions of local anaesthetics have been found to be efficacious for optimal peri-operative pain control and may reduce the incidence of CPAP/PLP. There is limited evidence for pre-emptive analgesia with gabapentin for CPAP. A low-dose ketamine infusion peri-operatively reduces post-operative morphine requirement. The evidence seems to suggest that optimized peri-operative analgesia may reduce the incidence of CPAP. More research is needed on the type, timing and duration of peri-operative analgesia to prevent CPAP.
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